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I. OBJECTIVES

The overall objective of this project has been to understand the growth and tribological
properties of carbon nitride thin films. To achieve this objective we have pursued combined
studies that involve systematic growth, structural measurements and nanotribology studies with
our atomic force microscope. In addition, we have over the past year expanded the scope of these
studies to include investigations of the synthesis and nanomechanical properties of nanowhisker
materials. This new direction was pursued as a target of opportunity that exploited the expertise
developed in synthesis and lateral/friction force measurements. Because these materials should
represent unique components for high-performance composites critical to AFOSR technology, we
believe this direction is worthwhile. °

II. STATUS OF EFFORT

Significant effort has been placed on several areas. First, we have carried out systematic
studies of the growth of carbon nitride materials as a function of carbon reactant enegetics, nitrogen
flux and growth temperature and have quantitatively analyzed the structure and local bonding in
these materials. The emphasis of these studies has been to determine unambiguously conditions
that can produce sp’-bonding since this is required for a superhard coating. Significantly, we have
show recently that there is a nitrogen-driven sp’ to sp structural transformation in the carbon
nitride materials as nitrogen content is increased about 15 atomic percent. With these limits worked
out we have also prepared films with optimal C-N ratios for hardness, and investigated their
nanotribological properties by force microscopy. In addition, we have carried out theoretical
cluster calculations to understand the origin of this sp* to sp® transition. Significantly, these
calculations demonstrate that the transition is an intrinsic property of carbon nitride system since (i)
the sp? bonded structure becomes thermodynamically favored for 15% nitrogen and (ii) the barrier
between sp* and sp? structures also reduces significantly for 15% nitrogen.

In addition, we have synthesized new nanoscale whisker materials, nanorods and
nanowires, and developed a novel method to probe the mechanical properties of these materials.
Significantly, we have used lateral force microscopy to measure the Young's modulus, strength
and toughness of nanorods, wires and tubes for the first time. We have shown that the strength of
SiC nanorods is 5-10 times greater than observed previously in micron diameter whiskers, and
thus these materials should represent unique materials for next generation superstrong, supertough
composites.

III. ACCOMPLISHMENTS/NEW FINDINGS

1. We have discovered and characterized a nitrogen driven sp® to sp? structural transformation
in carbon nitrides materials. For nitrogen compositions greater than 15 atomic percent we have
shown that the observable carbon nitride phase contains graphite-like bonding. Theoretical
calculations have further shown that this structural transformation is intrinsic to the carbon nitride
system and arises from an increased thermodynamic stability of the sp? structure and a reduction of
the barrier between sp® and sp® structures. These studies are of major significance to the carbon
nitride field since they define for the first time conditions where different types of materials (hard
vs. soft) can be obtained on basic scientific grounds.

2. We have developed a lateral force microscopy technique that can characterize the elastic
modulus, strength and toughness of nanorods, nanowires and nanotubes for the first time. We
have used this technique to characterize the modulus and strength of SiC nanorods and have shown
that these nanorods are the strongest known material. These results are of great significane to the
emerging field of nanoscale materials, and have significant implications for the design of high- -
performance composites used in Air Force and civilian technologies.
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C. TRANSITIONS.

Carbon nitride films for tribology applications. Dr. Bal K. Gupta, Seagate Technology,
7801 Computer Avenue, Bloomington, Minnesota 55435; (612)884-7867. Desirable
friction/wear characteristics in carbon nitride films identified in studies at Harvard have
been proposed for coatings of hard-disk sliders. The P.L's group has coated ~40 sliders
for testing at Seagate.
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awaiting issue of patent.
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